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Drag data  obtained from the   f l i gh t   t e s t s  of two 0.11-scale  rocket- 
powered models of the Chance  Vought XF8U-1 airplane  are  presented  herein. 
The data were obtained  over a Mach number range between 0.85 and 1.30 
and a t  Reynolds numbers between 6.5 X 10 6 and 11.3 X 10 6 , respectively. 
Also included is  the  variation of t r i m  i i f t  coefficient  with Mach  num- 
ber,  based on unpublished  tunnel  data,  corrected  to  the  center-of-gravity 
location of the models of this  investigation. 

Minimum drag  coefficient of the  f i rs t   (or iginal)   configurat ion 
increased from about 0.0175 a t  M = 0.9 t o  about 0.0445 at  M = 1.1, 
then  decreased s l i g h t l y   t o  about 0.0440 a t  M = 1.285. For the second 
(modified  nose)  configuration,  the  corresponding  values were 0.0185, 
0.0420, and 0.0410. 
(based on dCD/dM = 
a decrease of about 
nwdbers between 1.1 

For both  configurations,  the  drag-rise Mach number 
0.10) was 0.93. The nose modifications  resulted  in 
0.0035 in  the  pressure-drag  coefficient  at  Mach 
and 1.285. 
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INTRODUCTION 
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A t  the  request of the Bureau of Aeronauti ‘artment of the Navy, 
the Langley Pi lot less   Aircraf t  Research  Division i s  conducting an inves- 
t iga t ion  of the  low-lift  drag  of  the Chance  Vought XF8U-1 airplane. The 
models employed in   t he  tests are  0.11-scale and are  rocket-boosted  to 
supersonic  speeds. 

The m8u-1 i s  a jet-propelled, swept-wing, fighter-type  airplane 
designed t o   f l y  at supersonic  speeds. The airplane is  conventional i n  
general geometry, and u t i l i z e s  an all-movable  horizontal t a i l   f o r  
longitudinal t r i m  and control. The duct   inlet  i s  an underslung scoop 
located  near  the  nose. 

The purpose of the tests reported  herein was to   obtain  low-l i f t  
drag a t   t ransonic  and  low supersonic  speeds of the complete airplane 
in   the  c lean,  high-speed  configuration,  with and without a modified 
forebody. The nose modification  consisted of a slimmer canopy, a s l i m -  
mer nose generally, and a sharper  duct  inlet   l ip.  

SYMBOLS 

M free-stream Mach  number 

R Reynolds number, based on  mean aerodynamic  chord 

W model weight, 148.4 lb and 142.2 lb for models 1 and 2, 
respectively 

- 
C ,mean aerodynamic  chord,  1.295 f t  

9 free-stream dynamic pressure,  lb/sq f t  

S model wing area  (leading and t r a i l i n g  edges  extended t o  
fuselage  center  line ) , 4.55 sq  ft  

CD drag  coefficient, Drag/qS 

v velocity,   f t /sec 

t time,  sec 

7 f light-path  angle, deg 

P free-stream  static  pressure,  lb/sq f t  - 
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P density of air,  slugs/cu f t  

A cross-sectional  area, sq f t ;   a lso,   aspect   ra t io  

2 model length from nose to  fuselage  base, 5.58 f t  and 5.62 f t  
f o r  models 1 and 2, respectively 

r radius, f t  

X distance  rearward from model nose, f t  

g acceleration due t o  gravity,  value  taken  as 32.2 f t /sec2 

MODELS 

Figure 1 is  a three-view drawing of the  basic model used i n   t h i s  
investigation;  figures 2 t o  4 show model cross-sectional  area  plotted 
against  fuselage  station for models 1 and 2; figures 5 t o  8 are photo- 
graphs of the models. Presented in   t ab l e  I are  geometric  dimensions  of 
the two models. 

In  order to   fac i l i t a te   radar   t rack ing ,  a smoke-tank was b u i l t   i n t o  
the  fuselage of each model. Smoke provided i n   t h i s  manner afforded a 
v is ib le   t r . a i l  which commenced  when the model separated from the  booster 
rocket. 

Model 1 was the  basic  configuration of the proposed airplane. 
Model 2 had a modified  forebody - an attempt t o  reduce  the  supersonic 
drag  level. The modifications  consisted of a smaller canopy, a slimmer 
and slightly  longer forebody with a sharper  nose, and a sharper  duct 
i n l e t   l i p .  The e f fec t  of these  modifications on the  area  distribution 
can  be  seen in   f igure  4. In  f igures 5 t o  8, which are photographs of 
models 1 and 2, the   v i s ib le  change i n  geometry of the forebody  brought 
about by the nose modifications can  be seen.  In models 1 and 2, duct 
in le t -ex i t   a rea   ra t ios  were fixed  such  that a t  M = 1.00, mass-flow 

The ef fec t  of t h i s  small difference on area  dis t r ibut ion can be seen 
in   f igure 2 t o  4. 

I r a t ios  were 0.83 and 0.87, respectively,  based on minimum inlet   area.  
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TEST TECHNIQUE 
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Each model was boosted t o  a Mach number of about 1 .3  by a 6-inch- 
diameter  solid-fuel  rocket motor developing  about 6,000 pounds thrust  
fo r  approximately 3 seconds. The models were launched from a mobile 
zero-length  launcher, as shown in   f i gu re  9. 

The models were t racked   in   f l igh t  by two radar sets, one of which. 
recorded model position  in  space  while  the  other  recorded  velocity,  both 
with  respect  to time. Radiosondes were used t o  determine  atmospheric 
conditions  throughout  the  altitude  ranges  traversed by the model f l igh ts .  

METHOD OF ANALYSIS 

The drag  data  reported  herein were obtained  during  the  decelerating 
portion of t he   f l i gh t  where the model was separated from the  booster 
rocket. The method consisted of different ia t ion of  the  velocity  with 
respect  to  time,  correcting  for  flight-path  angle, and calculation of 
the   to ta l   d rag   coef f ic ien t  by the  relationship 

''total = -e + g s i n  7 - )& 
Where q was determined  using  the  velocity  corrected  for winds, 

along  with  atmospheric  conditions  as  obtained from the  radiosonde. A 
complete analysis of the methods used t o  reduce  these data i s  contained 
in  reference 1. 

External  drag was determined from the  relationship 

C 
'external ''total Dbase 'internal 

- - - c  - c  

where C D ~ ~ ~ ~  and ''internal were estimated on the  basis of unpublished 

data obtained from similar duct and base  configurations. While the 
estimations  involved  could  conceivably  be in   e r ro r  by a fa i r ly   l a rge  
percentage,  their magnitude i s  small i n  comparison with  the  external 
drag, so that  the  overall  percentage  error i s  small. 

The external  drag  coefficient ''external obtained by the above 

method was used i n  conjunction  with  unpublished  tunnel  data  to  determine 
C u n  by the  relationship 
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'%in(rocket t e s t )  
- - CDexternal(rocket t e s t )  

where CDtume 1 was taken a t  t r i m  l i f t   c o e f f i c i e n t s  corresponding t o  
the  values of t h i s  tes t .  The maximum probable  error  in Cwn is  f e l t  
t o  be less than 0.0010. 

No Reynolds number corrections have been made to   the  data   presented 
herein,  since it has  been  found by correlation  that   drag data from rocket 
model tests compared direct ly   with  data  from similar  full-scale  configura- 
t ions show excellent agreement, as is shown in  reference 2. Apparently, 
control-surface  gaps and small protuberances  such as nonflush  rivets,  gaps 
i n  landing-gear  doors, and s o  fo r th  which are  present on production air- 
c raf t ,   o f fse t  any drag  increments  caused  by  variations i n  Reynolds num- 
bers between tests of the  type  presented  herein and full-scale  airplanes.  
No corrections have been made for  spillage  drag.  Calculations reveal 
that  these  corrections would be small. 

DISCUSSION  OF RESULTS 

Reynolds number (based on mean aerodynamic  chord)  varied from about 
6.5 x 10 6 a t  M = 0.85 t o  about 11.5 X 10 6 a t  M = 1.3 for  both models, 
as shown in   f i gu re  10. Figures 11 and 12 show total   drag  coeff ic ient  
plotted  against  Mach  number for   the  basic  and modified models, respec- 
t ively.   Estimated  internal and base  drag (based on  unpublished r e su l t s  
obtained from telemetered data from rocket models w i t h  similar duct and 
base configurations) are also shown in   f i gu res  11 and 12. 

Figure 13 shows estimated t r i m  l i f t  for both models. The curve is 
based on unpublished  wind-tunnel  data  from a nonducted model with 
unmodified  nose,  comparable t o   t h e  unmodified model of t h i s  test. The 
data have been  corrected t o  the center-of-gravity  location  used  in the 
test   reported  herein (7 percent M.A.C.). It is f e l t  tha t  model 2 i s  
similar enough t o  model 1 t o  justify  the  use  of  the t r i m  l i f t  values 
presented  in figure 13 for   the purpose  of  estimating  drag due t o  l i f t .  
Figure 14 shows the  increment between drag  corresponding t o  the trim 
l i f t  of  t h i s  t es t  and minimum drag,  based on unpublished  tunnel data. 

Shown i n  figure 15 is  Cmn for  both models 1 and 2 ( the  or iginal  
configuration and the model with  modified  forebody,  respectively). 
mdel 1 had a minimum drag  coefficient which increased from 0.0175 at 
M = 0.9 t o  about 0.0445 a t  M = 1.1, then  decreased  sl ightly  to 0.0440 
a t  M = 1.285. For model 2, the  corresponding  values were 0.0185, 
0.0420, and 0.0410, respectively. For both models the  drag rise began 
at M = 0.93, based on dCD/dM = 0.10. 
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Figure 15 shows tha t   the  nose modifications  of model 2, while  not 
extreme in   na ture   ( see   f igs .   2   to  8), resulted  in  decreases of 0.0025 
and 0.0030 i n   t h e  minimum drag  coefficient a t  Mach nunibers of 1.1 and 
1.285, respectively. The small increase (0.0010) at M = 0.9 is prob- 
ably within  the  experimental  accuracy a t  subsonic  speeds. 

Figure 16 shows the  var ia t ion of  pressure-drag  coefficient  with 
Mach number. A comparison  of the  test   values  (based on zero  pressure 
drag a t  M = 0.9) shows an increment of about 0.0035 between models 1 
and 2 at Mach nmibers  between 1.1 and 1.285. Calculated  values,  based 
on the method discussed i n  reference 3 ,  show an increment of 0.0032. 
Hence, it is  significant  that  while  the method of reference 3 does not 
predict  the  pressure  drag of a  configuration of this type, it does 
predict  the  increment  in  pressure  drag  occurring from the small modifi- 
cat ions  in   area  dis t r ibut ion of model 2  as compared with model 1. This 
has  been  observed t o  be the  case  in  other similas (45' swept  wing) 
configurations. 

CONCLUSIONS 

From the   t e s t  of two 0.11-scale  rocket-powered models of the Chance 
Vought ~ 8 u - 1  airplane at Mach numbers between 0 . 6  and 1.30 and a t  
Reynolds numbers between about 6.5 X lo6 and 11.5 X 10 , respectively, 
the  following  conclusions  are  indicated: 

6 

1. The  minimum drag  coefficient of the first (original)  configura- 
tion  increased from about 0.0175 a t  M = 0.9 t o  about 0.0445 a t  M = 1.1, 
then  decreased  sl ightly  to about 0.0440 at M = 1.285. For  the second 
(modified  nose)  configuration,  the  corresponding  values were 0.0185, 
0.0420, and 0.0410. For  both  configurations,  the  drag-rise Mach number 
(based on dCD/dM = 0.10) was 0.93. 

2. The nose modifications  resulted  in  a  decrease of about 0.0035 
in  the  pressure-drag  coefficient  at  Mach numbers between 1.1 and 1.285. 

Langley Aeronautical  Laboratory, 
National Advisory Committee fo r  Aeronautics, 1 

Langley Field,  Va., 
June 3, 1g54e$(jly&yJ?7)* 

Willard S.- Blanchard, $r. 
Aeronautical  Research  Scientist 

Approved: 
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TABU I.- GEOMETRIC DIMENSIONS 

Wing: 
Total area. sq f t  . . . . . . . . . . . .  
Exposed mea. sq f t  . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . .  
Sweepback (quarter  chord). deg . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . .  
Airfo i l   a t   roo t   ( f ree   s t ream)  . . . . . .  
Airfo i l   a t   t ip   ( f ree   s t ream)  . . . . . .  
Dihedral.  deg . . . . . . . . . . . . . .  
Incidence.  deg . . . . . . . . . . . . .  

Horizontal   tai l :  
Total  area.  sq f t  . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . .  

Exposed area. sq f t  . . . . . . . . . . .  
Sweepback (quarter  chord). deg . . . . .  
Airfo i l   a t   roo t   ( f ree   s t ream)  . . . . . .  
Air fo i l   a t   t i p   ( f r ee   s t r eam)  . . . . . .  
Dihedral.  deg . . . . . . . . . . . . . .  
Incidence.  deg . . . . . . . . . . . . .  
Total  area  ( to  center  l ine).   sq f t  . . .  
Exposed area.  sq f t  . . . . . . . . . . .  
Aspect ratio  (exposed) . . . . . . . . .  
Sweepback (quarter  chord). deg . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . .  
A i r f o i l   a t  .... (free  stream) . . . . . .  
Airfo i l  at t ip   ( f ree   s t ream)  . . . . . .  
Frontal  area.  sq f t  . . . . . . . . . . .  
Base area.   sq . . . . . . . . . . . . . .  

Vert ical  tai l :  

Fuse lage : 

Length. f t  . . . . . . . . . . . . . . .  
Fuselage  nose t o  wing leading edge a t  

center  line. . . . . . . . . . . . . . . .  

edge a t   cen te r   l i ne .  . . . . . . . . . . .  Fuselage nose to   hor izonta l - ta i l   l ead ing  

Center-of-gravity  location.  percent c . . - 

Duct-inlet  area.  sq f t  . . . . . . . . . .  
Duct-exit  area. sq . . . . . . . . . . . .  

. .  
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Model 1 Model 2 
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Figure 1.- Three-view  drawing of the  basic  (unmodified)  model. All 
dimensions are in  inches  unless  otherwise  noted. 
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(a) Equivalent body (complete  model). 
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(b) Breakdown of areas of the components. 

Figure 2.- Nondimensional area  dis t r ibut ion of the  basic model. 
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(a)  Equivalent body (complete  model). 
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(b) Breakdown of areas of the  components. 

Figure 3.- Nondimensional  area  distribution of the  model  with  nose 
modifications. 
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Figure 4.- Dimensional  area  distribution  of  the  basic  configuration  and 
the  model  with  nose  modifications  (both  with  actual  flow  through  duct). 



Figure 5.- Three-quarter  front view of the  basic  configuration. 
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L-82 83 8 
Figure 6.- Three-quarter f ront  view of the model with nose modifications. 



L-82170.1 
Figure 7.- Side view of the  basic  configuration. 



L-82902.1 
Figure 8.- Side view of the model with nose  modifications. 



L-82484 
Figure 9.- One of the model-booster  combinations i n  launching  position. 
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Figure 10.- Variation of Reynolds number  with  Mach  number. 
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Figure 11.- Total,  internal, and base drag  of  the  basic  configuration. 
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Figure 12.- Total,  internal, and base drag of the model with forebody 
modifications. 
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Figure 1-5 .- Minimum drag  coefficient. 
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Figure 16.- Pressure-drag  cpefficient;  calculated  values  are shown over 
a Mach number range fo r   i l l u s t r a t ive  purposes. 
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Figure 13.- Estimated trim l i f t  (based on unpublished  tunnel  data, 
extrapolated above M = 1.15). 

Figure 14.- hcrement between m i n i m  drag  coefficient and drag  coefficient 
at the t r i m  lift of t h i s   t e s t  (based on unpublished  tunnel  data, 
extrapolated above M = 1.15). 
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